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^bstract : 

Fatigue  testa  of  7075-T6  bare  aluminum  alloy  in  the  as  received  condition, 
and  4340  steel  in  the  machined,  lieat  treated  (280,000  to  300,000  psi 
ultimate  tensile  strength)  and  stress  relieved  condition  showed  that  micro¬ 
glass  peening  promoted  greater  fatigue  life  than  did  vapor  blasting. 

Fatigue  life  comparisons  with  the  bare  2024-T3  aluminum  alloy  showed  that 
machining  did  not  result  in  change  but  chemical  milling  did,  and  micro¬ 
glass  peening  served  to  restore  and  improve  the  fatigue  life  of  chemically 
milled  surfaces, 

Reference:  Winslow,  E.  K.,  Lindeneau,  G.  D.,  Wise,  W.  E., 

"Micro-Glass-Peenlng  2024-T3  Aluminum,  7075-T6  Aluminum, 
and  4340  Steel,  Bending  Fatigue,"  General  Dynamics/ 

Convalr  Report  SL  58-154,  San  Diego,  California,  9  March 
1959*  (Reference  Attached) . 
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ABSTRACT:  Fatigue  tests  of  7075-T6  bare  aluminum  alloy  In  the  as  received  condition, 
and  4340  steel  in  the  machined,  heat  treated  (280,000  to  300,000  psi  ultimate 
tensile  strength)  and  stress  relieved  condition  showed  that  micro-glass  peening 
promoted  greater  fatigue  life  than  did  vapor  blasting.  Fatigue  life  comparisons 
with  the  bare  2024-T3  aluminum  alloy  showed  that  machining  did  not  result  In  change 
but  chemical  milling  did,  and  micro-glass  peening  served  to  restore  and  Improve 
the  fatigue  life  of  chemically  milled  surfaces. 
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IWTRODUCTIOM; 

Mlero-glass-peenlng  Is  similar  to  shot  peenlng  except  glass  beads  are  used 
in  place  of  metal  shot.  Shot  peenlng  Is  established  as  a  process  which  Improves 
the  fatigue  life  of  a  metal .  Mlcro-glass>peenlng  needs  to  be  established  as 
a  process  for  fatigue  life  improvement. 

OBJECT; 

a.  To  find  the  effect  of  mlcro>glass-peenlng  as  ccx&pared  to  vapor  blasting 
on  the  fatigue  life  of  7075~^  'bare  aluminum  alloy  and  43lO  steel,  heat 
treated  to  260,000  to  300,000  psl. 

b.  To  find  the  effect  of  the  following  processes  on  the  fatigue  life  of 
202l|>T3  bare  aluminum  alloy: 

1 .  Machining 

2.  Chemically  removing  surface. 

3.  Chemically  removed  surface  mlcro«glass>peened. 

CONCmSIOWB; 

a.  Mlcro-glasS'peenlng  produced  a  greater  Increase  In  the  fatigue  life 
of  both  the  707  ^*T3  bare  aluminum  alloy  and  the  h3to  steel  than  did 
vapor  blasting. 

b.  The  effect  of  the  processes  on  the  fatigue  life  of  2024-T3  bare  alimilnum 
alloy  was  as  follows: 

1.  Machining  did  not  change  the  fatigue  life. 

2.  Chemically  removing  the  surface  decreased  the 
fatigue  life  slightly. 

3.  Mlcro-glass-peenlng  of  the  chemically  removed 
surface  Increased  the  fatigue  life  to  a  marked  degree . 

RECOMMEKDATIONBt 

The  optimum  bead  size,  peenlng  intensity,  and  time  duration  of  peenlng  needed 
to  obtain  the  best  fatigue  life  In  a  given  materled  should  be  determined. 
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TEST  SP£C]>iEijS; 

The  test  specimen  configurations  for  each  of  the  three  materials  are  the 
same  except  for  thlciiness  as  shown  in  Figure  1. 

a.  7073-T6  Aluminum  Alloy  and  43^  Steel 


All  specimens  were  taken  from  the  same  sheet  of  1/4  Inch  thickness 
material.  The  specimens  were  processed  to  three  conditions  as 
follows : 

1.  As  received. 

2 .  Vapor  blasted . 

3.  Mlcro-glass-peened. 

No.  623  grit  was  used  in  vapor  blasting.  The  specimens  were  blasted 
for  39  sec./sq.  Inch  of  surface.  The  grit  size  and  time  duration  of 
blasting  were  determined  from  data  given  in  Convair  Report  No.  93^3 > 

page  6. 

No.  13  STD'AL  glass  beads  (  a  Skyway  Metal  Processing  Company 
designation)  were  used  for  mlcro-glass-peenlng.  Four  specimens  were 
peened  with  unlfozm  coverage  for  forty-five  seconds  with  eui  Almen 
intensity  of  .006.  Two  specimens  were  peened  for  ninety  seconds  and 
two  specimens  for  twenty- two  seconds,  all  at  an  Almen  intensity  of 

.006. 


Surface  rouf^ess  of  the  three  groups  was  as  follows: 

1.  As  received,  I3  micro-inches . 

2.  Vapor  blasted,  12  micro- inches . 

3.  Mlcro-glass-peened,  micro-inches. 

2.  4340  Steel 


Steel  specimens  machined  to  1/4  inch  thickness  were  heat  treated  to 
280,000  -  300,000  psl  in  the  same  heat.  The  scale  on  the  specimens 
was  rsBioved  by  sand  blasting.  The  specimens  were  stress-relieved  to 
eliminate  the  effects  of  blasting.  The  Rockwell  residing  of  the 
specimens  was  3^  ^  ?7C.  The  steel  specimens  were  then  processed  to 
three  conditions  as  follows: 
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TEST  8PECIMBH8;  (Continued) 

a.  7075-T6  Alinalnum  Alloy  and  43to  Steel  (Con*t) 

2.  k^UO  Steel  (Con*t) 

1.  Machined,  heat  treated,  and  stress  relieved. 

2.  Condition  1,  plus  vapor  blast. 

3*  Condition  1,  plus  mlcro-glass-peenlng. 

The  specimens  were  'mpor  bleisted  for  the  same  time  and  with  the  same 
else  grit  as  for  the  70T3*‘T6  aluminum  alloy.  The  grit  size  and  time 
duration  were  also  determined  from  Convalr  Report  No.  9353. 

The  mlero-glass-peened  specimens  were  peened  with  No.  15  STD-STL 
glass  beads.  Data  on  the  intensity  are  not  available.  Four  specimens 
vere  peened  for  ninety  seconds  with  uniform  coverage  over  the  entire 
specimen.  Two  specimens  vere  peened  for  one  hundred>elghty  seconds 
and  two  specimens  for  forty- five  seconds. 

The  surface  roughness  of  the  three  specimens  types  was  as  follows: 

1.  Machined,  heat  treated,  and  stress  relieved  -  65 
micro-inches . 

2.  Condition  1,  vapor  blasted  -  JT  micro-inches. 

3.  Condition,  mlero-glass-peened  -  ^5  micro- Inches. 

b.  2024-T3  Bare  Aluminum  Alloy 

All  specimens  vere  taken  frem  the  same  plate  of  3/3  inch  thickness 
material.  The  specimens  vere  then  processed  to  the  follovlng  conditions: 

1.  As  received  -  3/3  inch  thickness. 

2.  Machined  to  .250  inch  thickness. 

3.  Chemical  removal  of  surface  to  .250  inch  thickness. 

4.  Condition  3>  plus  mlcro-glass-peenlng. 

Data  vere  not  available  on  the  glass  bead  size  or  peening  Intensity.  Four 
specimens  vere  peened  vltb  unlfozm  coverage  for  thirty  seconds .  Two 
specimens  vere  peened  for  sixty  seconds  and  two  specimens  were  peened  for 
tventy  seconds. 
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TEST  8PECIMPB;  (Continued) 

b.  2024-T3  Baufe  Aluminum  Alloy  (Continued) 

The  surface  roughness  of  the  four  groups  was  as  follows: 

1.  As  received  -  9  micro-inches. 

2.  Maiehlned  -  13  micro-inches. 

3.  Chemically  removed  surface  -  l6o  micro-inches. 

4.  Chemlceilly  removed  surface  plus  micro-glass-peenlng  - 
163  micro- inches. 

The  micro-glass-peenlng  was  done  by  the  Skyway  Metal  Processing  Company 
of  Sun  Valley j  Cedlfomla. 

TEST  FHOCEDURE  AW)  BESULIS: 

All  specimens  were  fatigue  tested  in  a  Sonntag  SF-IU  fatigue  machine.  The 
test  set  up  is  shown  in  Figure  2. 

a.  7075~T6  Bare  Alumlnian  Alloy  and  4340  Steel 

1.  7075-T6  Bare  Aluminum  Alloy 

These  specimens  were  tested  at  a  maximum  stress  of  35>000  psi  with 
a  stress  ratio  of  -1.  The  fatigue  test  I’esults  are  given  in  Table  I. 

2.  4340  Steel 

The  steel  specimens  were  tested  at  130,000  psi  maximum  stress  with  a 
stress  ratio  of  -1.  The  test  results  etre  given  in  Table  II. 

b.  2024-T3  Seme  Aluminum  Alloy 

These  specimens  were  tested  at  a  maximum  stress  of  30,000  psi  with 
a  stress  ratio  of  -1.  The  test  results  sure  given  in  Table  III. 

DISCUSSIOW  OF  RESULTS; 

a.  7075-T6  Biure  Aluminum  Alloy  amd  43^*0  Steel 
1.  7075-T6  Bare  Aluminum  Alloy 

Micro-glass-peenlng  increased  the  fatigue  life  of  the  material.  Vapor 
blasting  also  increased  the  fatigue  life  of  the  materiel.  The  peening 
produced  a  greater  increase  in  life  than  did  the  vapor  blasting. 
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discussion  of  RESUMS;  (Continued) 

a.  7075-T6  Bare  Altmlnum  Alloy  and  Steel  (Con't) 
2.  Steel 


Vapor  blasting  increased  the  fatigue  life  of  the  material.  The  test 
scatter  vas  as  follows :  maximum  life,  670,000  cycles  •  minimum 
life  68,000  cycles.  Mlcro-glass-peenlng  also  increased  the  fatigue 
life.  The  test  scatter  was  as  follows:  maxlmuffl  life,  493>000  cycles 
-  minimum  life,  192,000  cycles.  On  the  basis  of  test  scatter,  the 
mlcro-glass-peening  produced  a  greater  increase  in  fatigue  life  thar. 
did  the  vapor  blasting. 

b.  202U-T3  Bare  Aluminum  AUo 


Machining  the  materieJ.  did  not  change  the  fatigue  life.  Chemically 
resioving  the  surface  decreased  the  fatigue  life.  Micro-glass-peening 
the  chemically  removed  surface  Increased  the  fatigue  life  to  a  marked 
degree. 

On  the  basis  of  test  results  given  in  Convair  Reports  ^-l66  suad  36>2l7, 
chemical  removal  of  surface  in  the  manufeicture  of  peurts  should  be  used 
with  caution  when  fatigue  strength  is  important.  Micro-glass-peening 
offers  a  solution  for  the  fatigue  strength  problem  as  does  shot  peening 
on  the  basis  of  these  tests. 

In  the  micro-glasB-peened  specimen  groups,  different  times  of  peening  were 
used  as  shown  in  the  test  specimen  section  and  in  the  tables  of  results.  These 
groups  with  two  specimens  indicate  that  the  time  duration  of  peening  is  important 
in  the  effect  the  peening  has  on  the  fatigue  life;  however,  no  conclusion  was 
drawn,  due  to  the  limited  number  of  specimens  in  each  group. 

HOTB; 

The  data  from  which  this  report  was  prepared  are  recorded  in  Structures  Test 
laboratory  Data  Book  No.  it066,  pages  77-99* 
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